Magnetic field treatments have been utilized to promote germination and growth of a variety of species of plants; however the mechanism of concern has not been fully elucidated. In this research, wheat seedlings were treated with 500 mT and 1500 mT static magnetic field (SMF) for 10 and 20 min, respectively. Analyzing Fourier transform infrared spectra collected from leaves of seedlings showed that SMF treatments decreased the contents of lipids and proteins, shifted bands to higher wavenumbers in 3000-2800 cm −1 regions, and increased the ratio of CH 2 /CH 3 which likely indicates a structural variation of lipids. For bands assigned to different second structures of proteins, slight bands shifting and changing the ratio of different second structures of proteins were observed due to SMF treatments. To summarize, the results revealed that lipids rather than proteins were sensitive to SMF treatments. The results provided insight into the SMF induced conformational changes of lipids and proteins in wheat leaves, which will help elucidate the biological mechanisms of SMF on plant growth and development.
Introduction
For decades, the effects of static magnetic fields (SMF) on plant growth have been the subject of different research studies. Magnetic field treatments influence the physiological and biochemical process in the seeds, thereby contributing to greater vigor and increased crop products. Researchers noted that aged onion (Allium cepa) and rice (Oryza sativa) seeds exposed to a weak electromagnetic field for 12 h increased the germination and root length of seedlings [1] . Moreover, enhancing germination and growth of Cork oak (Quercus suber) seedlings after being exposed to chronic magnetic field was reported [2] . Exposure of magnetic field (10 mT for 40 h) increased plant height, seed weight, and yield of chickpea and wheat [3, 4] . In addition to seed germination and growth, power frequency magnetic fields (100 mT) treatment on Vicia faba seedlings enhanced mitotic index and 3 Hthymidine uptake [5] . Furthermore, treatment of sunflower seeds improved seed coat membrane integrity and reduced the cellular leakage and electrical conductivity, as well as achieving higher enzyme activity [6] . Increasing number of evidences indicates that SMF treatment alters apoptosis and changes gene expression [7] .
The vibration of chemical bonds can absorb radiation in the middle infrared (MIR) region between 4000 and 400 cm −1 , and each functional group in a molecule has characteristic absorption frequencies in the IR spectrum. Particularly, Fourier transform infrared spectra (FTIR) can be used to probe the structure of biological composition or its chemical group, and the composition and structure of molecular functional group can be determined by analyzing the position, width, and intensity of acquired spectra in a complex biological system when relying on certain algorithms [8] . The advantages of FTIR method enable it to examine the initial response to stimuli with high sensitivity through acquiring rapidly spectra from very small amounts of samples [8] and offer a fast method to fingerprint the global cellular features under specific conditions [9] .
Wheat (Triticum aestivum L.) is one of the world's most important food crops; therefore SMF has been used to promote seed germination and seedling emergence [4] . Magnetic field treatment of seeds leads to acceleration of plants growth 2 Journal of Spectroscopy Treatment number Strength of magnetic field Treatment time  Treatment 1  500 mT  10 min  Treatment 2  1500 mT  10 min  Treatment 3  500 mT  20 min  Treatment 4  1500 mT  20 min  Control  -20 min and root development and increases the activities of some enzymes such as amylase and nitrate reductase [4, 10] , to gain high grain yield of wheat by shortening the days from sowing to complete ground cover. However, physiological mechanisms of magnetic field on plant growth are not completely understood [8] . In the current study, the effects of SMF treatments on wheat seedlings were investigated by FTIR spectroscopy to monitor the conformational changing of functional groups of proteins and lipids, thereby providing novel information on the SMF induced effects on wheat growth.
Materials and Methods

Materials.
Seeds of wheat (Lumai17) were surface sterilized and incubated at 25 ∘ C in the dark for germination and then grew with day/night regime of 16 h/8 h at 25 ∘ C supplied with Hoagland solutions. After 1 week of acclimation, when the seedlings reached the stage of completely developed first trifoliolate, they were transferred to the fresh nutrient solution and subject to SMF treatments. The SMF treatments were conducted according to Liu and Yu [11] . Briefly, a TYU-2000H double yoke water-cooled electromagnet (Tianyu Company, China) was utilized to treat the seedlings cultured in nutrient solution with conditions listed in Table 1 , and each treatment was duplicated three times. Hence, the seedlings were grown in same nutrient solution for 14 days before FTIR analysis.
FTIR Spectroscopy
Analyzing. FTIR assay was conducted according to our previous paper [12] . All spectra were normalized and baseline-corrected with Nicolet Omnic 7 software and smoothed with a smoothing factor of 9. The spectra for control and SMF treated samples were calculated from 3 repeats and each used a different individual. These replicates were averaged and these averaged spectra for each sample were then used for statistical analysis.
Data Analysis.
Since the original spectra yield rather broad bands in specific regions, the second-derivative analysis has to be applied to resolve the fine details of interesting bands with bandwidth of 20.0 and enhancement of 3.0 [13, 14] . Second-derivative spectra were generated using 11-point Savitzky-Golay algorithm. Curve-fitting of the spectra was performed with PeakFit V4.12 software with default parameters; thereby the precise position and the area of band were obtained as the results. Statistical analysis was performed using SPSS 11.5 software. Differences were analyzed by paired -test. A probability level ( value) of less than 0.05 is regarded as significant.
Results and Discussion
Infrared Spectra from Control and Magnetic Field Treated
Samples. In this research, FTIR spectra were acquired to detect the conformational changes and content variations of the functional groups contributed from protein and lipids of leaves. The average spectra in the 4000-400 cm −1 wavenumber region of control and treated samples were shown in Figure 1 .
Generally, the spectra consist of several bands arising from the vibration of different groups belonging to proteins, lipids, carbohydrates, and nucleic acids, indicating that the leaves are rich in biochemical compositions [15] . Specifically, the band located around 3295 cm −1 represents N-H stretching vibrations that are mainly caused by proteins [13, 16] . The bands between 3000 and 2800 cm −1 mainly represent C-H stretching vibrations that are caused by lipids [15] . Protein absorption bands including amide I and amide II bands that mainly located between 1700 and 1500 cm −1 were overlapped with other absorption bands within this region and appeared several prominent bands. The bands between 1500 and 1000 cm −1 were of "fingerprint" region [17] ; amide III and the functional groups of nucleic acid and carbohydrates contributed to these absorption bands in samples. Overall, the spectrum of control and magnetic field treated samples differ in the figure of the absorption spectrum, indicating obvious changes in the structure and contents of biological components due to SMF.
Comparative Analysis of Second-Derivative Spectra from
Control and SMF Treated Samples. The original spectra faced complex multicomponent bands which overlapped into a broad unresolved absorption, and the individual component absorption from condensed phase spectra cannot be resolved by increasing spectral resolution, causing difficulty in bands differentiation and their assignment. Therefore, the widely used second-derivative spectra and curve-fitting processes were performed to distinguish overlapped peaks and achieve more precise calculation on bands position and their area. The advantage of this process lies in that the data is denoised to a great extent and overlapping is largely minimized [15] . As shown in Figure 1 , compared with the control, there is an overall decrease in the intensity of absorption bands of treatments 2, 3, and 4 and an increase in intensity of absorption bands for treatment 1. These changes in absorption of specific vibrational bands indicated changes in concentrations of proteins, lipids, and phospholipids of the samples due to SMF treatment.
Analysis of the second-derivative spectra of control and SMF treated samples revealed several differences, including peak location shifting and peak height variation, especially in the regions from 1500 to 3500 cm −1 , demonstrating that obvious conformational changes occurred for lipids and proteins. The spectrum of treatment 1 was more similar to control than others, demonstrating that the higher strength of SMF treatment induced more obvious variations on spectra.
Changes in Peak around 3014 cm
−1 . The region 3300 to 3000 cm −1 is characteristic for C-H stretching vibrations of C≡C, C=C, and Ar-H, while the region from 3000 to 2700 is dominated by the C-H stretching vibrations of -CH 3 , CH 2 , CH, and CHO functional groups, respectively [17, 18] . In this research, the bands within this region were quantitatively analyzed to uncover the changes of lipids (Table 2) .
A weak intense band was found around 3014 cm −1 in all spectra, which was assigned to the vibrating stretching of cisalkene (HC=CH) group which belongs to polyunsaturated lipids [19, 20] , and the existence of this peak indicated that leaf is rich in several types of polyunsaturated lipids. Yoshida et al. suggested that the appearance of 3014 cm −1 peak indicates the enrichment of docosahexaenoic acid (DHA) [20] . The comparative spectra of control with those of different treatments showed similar bandwidth and obviously peak positions shifting, suggesting the changes of polyunsaturated fatty acid species. Furthermore, it seems that more intensive treatment induced more obviously peak shifting, ranging from 3014.3 cm −1 (control) to 3020.8 cm −1 (treatment 4). This result implied that the composition of leave unsaturated lipids was SMF treatment sensitivity.
The area of this band of control was much higher than that of treatments based on curve-fitting analyzing, that was 0.1602 for control and 0.051 ( < 0.05) for treatment 3. As this band is a useful indicator of the different degrees of unsaturation in acyl chains of phospholipids, the results implied that SMF treatments reduced contents and varied components of unsaturated lipids. [17] .
Changes in 3020-
With correlation with effect on bands around 3014 cm −1 , SMF treatments on other bands in 3000 to 2800 cm −1 region were also different to that of control. After SMF treatments, four main bands were distinguished in treatment 1, six bands in treatments 2 and 4, and five bands in treatment 3 ( Table 2) . Regarding the peak shifting, the bands were shifted to 2851.6, 2921.2, and 2959.1 cm −1 , respectively. With increasing of the strength of treatment, the composing of bands was changed more obviously. First, band at 2957.8 cm −1 was shifted to higher wavenumber in treatments 2, 3, and 4, and the highest localization was observed in treatment 4 at 3969.6 cm −1 , while bands at 2851.8 and 2883.3 almost remained stable in all treatments. This result indicated obvious structural variations of this band subject to magnetic field treatment.
Second, compared with control, two, one, and two newly emerged bands were uncovered in spectra from treatments 2 to 4, respectively ( Table 2 ). The small band at 2903.1 cm
in treatment 2 is due to the Fermi resonance of the CH 2 symmetric stretch, and the weak band centered around 2953 cm −1 represents CH 3 terminal methyl stretch [22] . The peak centered at 2942 cm −1 in spectra of treatment 4 is a combination of two resonances: the CH 3 Fermi resonance and the CH 3 asymmetric stretch at 2969.6 cm −1 [23] . All above results demonstrated that SMF treatments resulted in structural variation of lipids and this effect likely contributed to its physiological roles [24] . Overall, the area of bands located in 2800-3000 cm −1 of all treatments was less than control of which treatment 3 was the smallest one ( < 0.05) ( Table 2) . Notably, SMF treatment increased the percent of bands assigned to the CH 2 group. The area of bands at 2851 and 2920 cm −1 accounted for 59.60% of total area of bands in 2800-3000 cm −1 in control, and this value reached 61.75% in treatment 1 ( < 0.05), 63.87% in treatment 2, 65.14% in treatment 3, and 59.04% in treatment 4 [25] . Therefore, the curve-fitting results revealed that magnetic field treatments utilized in this research increased the CH 2 /CH 3 ratio with exception for treatment 4, an indicator which reflected the increased order status of lipids. The increased CH 2 /CH 3 ratio is also a sign of higher fatty acyl chain unsaturation, which has been known to occur with SMF treatment. These results were in well agreement with conclusions that the magnetic field induced lipid unsaturation and slowed down the process of the peroxidation of lipids [26] [27] [28] .
The observations suggested that SMF induced changes in the conformational order of lipid acyl chains. It is well known that the CH 2 antisymmetric and symmetric stretching vibrations give information about the state-of-order of the hydrocarbon tails in lipids [29] . The appearance of increasing in the frequencies of these bands with SMF treatment indicates the functions of disordering the lipid system by increasing the number of CH 3 groups [9] . On the other hand, the increased ratio of CH 2 /CH 3 reflected the transformation of conformation of lipid tails [30] .
Our results showed that SMF treatments increased ratio of CH 2 /CH 3 and significantly varied constitutions of components of lipids. It was suggested that SMF induced advantageous and adverse effects upon lipid metabolism, and the higher strength of treatment resulted in more obvious appearance. Since these lipid components could be divided into plasma membrane related and energy metabolism related, SMF induced effect on lipids would involve a wide range of biological processes, which need to be experimentally investigated further.
Changes in Amide I
Region. The amide I band of proteins is located in the region from 1700 to 1600 cm −1 , which is primarily due to the C=O stretching vibration of the amide groups in weakly coupling with the in-plane N-H bending and C-N stretching. The amide I band of proteins is a complex composite which consists of a number of component bands in terms of -helices, -sheets (parallel pleated sheet and antiparallel pleated sheet), turns, and random-coil structures [15] . The frequency of the absorption maximum of these bands is conformationally sensitive; therefore SMF treatment induced shifts of peaks provided information about structural changes in the proteins of samples. According to methods described by Palaniappan and Dumas [17, 31] , the whole amide I area was analyzed by means of curve-fitting.
Six bands were found between 1700 and 1600 cm
in spectra of control and treatments 1, 2, and 4 and 5 bands of treatment 3 (Table 3) , and the band positions were similar to each other among all spectra, indicating that protein structure was insensitive to SMF treatments. Bands around 1610 cm −1 , 1620, and 1635 cm −1 were assigned tosheet, bands around 1687 and 1617 cm −1 to intermolecular antiparallel sheet [32] , and bands at 1656 cm −1 to -helix, while bands at 1676 cm −1 were assigned to turn structure. The previous study reported that low magnetic field increased the area of band around 1610 cm −1 , and more strength in SMF resulted in peak shifting to higher wavenumber which indicates a conformational changing of proteins [33] . Similar to their observations, the proportion of area of 1610 cm −1 band was increased in all treatments compared with control, ranging from 1.73% in control to 1.88% in treatment 2 ( < 0.05). This indicated that the area of this band in control was smaller than that of treatments 2 and 1 ( < 0.05). Furthermore, the area of band around 1676 cm −1 was decreased in all treatments (Table 3) , from 13.60% in control to 12.40% in treatment 3 ( < 0.05). In addition, the ratio of -helices/ -sheet was increased following SMF treatment, giving the value from 68.95% in control to 72.15% in treatment 1 ( < 0.05), 101.50% ( < 0.05) in treatment 3, and 70.10% in treatment 4 ( < 0.05). Based on these results, it was supposed that SMF resulted in diversity of protein species which is in well agreement with conclusion of transcriptomic analysis [7] .
However, we could not observe significant peak shifting in this region which has been indicated by She et al. [34] . In proteins, the most important hydrogen bonds are those between peptide bonds. Generally, the positions of amide I bands reflect the degree of hydrogen bonding: the higher the wavenumber, the weaker the H bonding (i.e., the less-ordered protein structure). Therefore, the position shifting of amide I bands to higher wavenumber is a useful indicator of the overall protein disordering under experimental conditions [14] . Therefore, our results regarding amide I curve-fitting revealed that the conformation of proteins was insensitive to SMF treatments. Alternatively, this could be due to the fact that different species were diversity in the context of sensitivity to SMF; for example, the bands in amide I region in Escherichia coli were vigorously varied responding to 10.0 T SMF, while slight changes were found in Staphylococcus aureus [34] . The effects of SMF with different intensities should be investigated further.
Based on the curve-fitting results, it was suggested that, under experimental conditions, the leaf proteins were less sensitive than lipids to SMF, since the conformational diversity of proteins was more constant than that of lipids. It should be noted that the study on conformational studies on proteins was conducted immediately treated by SMF [33] , while this research was carried out two weeks later after SMF treatments. Therefore, it was likely that SMF indeed induced obvious effects on second structural transformation of proteins and these were attenuated in the interval between SMF treatments and FTIR analysis. Therefore, effects of SMF on protein structure need more analysis.
Conclusion
In conclusion, analysis of the FTIR spectra collected from leaves revealed that lipids rather than proteins were sensitive to SMF treatments. The results of the current study provided insight on the SMF induced conformational changes of lipids and proteins, as well as on the content variation of these components. The results showed that SMF treatment decreased the contents of lipids and proteins in the leaves, resulting in band shifting to higher wavenumbers in 3000-2800 cm −1 region, as well as increasing the ratio of CH 2 /CH 3 and alerting the species of unsaturated lipids. The results also implied that structural changing of lipids and proteins would be beneficial to effects of SMF treatment.
From a physiological aspect, the FTIR analysis constructs a direct link between the functional biomolecular and the physiological status under SMF treatments, because the macromolecular characteristics and their contents are fundamental factors related to several physiological processes whereby the cell promotes or declines its normal development and growth. FTIR spectroscopy offers a fast and efficient tool for detection of qualitative and quantitative SMF induced changes in the context of molecular structure constitutions in wheat leaves. In addition, it has the potential as an accurate and sensitive technique for research on physiological effects of SMF by means of detecting the conformational changing of biological molecular components.
